Sprint interval training (SIT) protocols involving brief (≤15 s) work bouts improve 43 aerobic and anaerobic performance, highlighting peak speed generation as a potentially 44 important adaptive stimulus. To determine the physiological and psychological effects of 45 reducing the SIT work bout duration, while maintaining total exercise and recovery time, 46 forty-three healthy males (n=27) and females (n=16) trained for four weeks (three 47
were matched for total work (2-3 min) and rest (16-24 min) duration, as well as the work-51
to-rest ratio (1:8 s). Pre-and post-training measures included a: graded V̇O 2max test, 5-km 52 time trial, and 30 s maximal sprint test. Self-efficacy, enjoyment, and intentions were 53 assessed following the last training session. Training improved V̇O 2max (5.5%; P=0.006) 54 and time trial performance (5.2%; P=0.039), with a main effect of time for peak speed 55
(1.7%; P=0.042), time to peak speed (25%; P<0.001), and body fat % (1.4%; P<0.001) 56 that appeared to be driven by the training. There were no group effects for self-efficacy 57 (P=0.926), enjoyment (P=0.249), or intentions to perform SIT three (P=0.533) or five 58 (P=0.951) times/week. This study effectively demonstrated that the repeated generation 59 of peak speed during brief SIT work bouts sufficiently stimulates adaptive mechanisms 60 promoting increases in aerobic and anaerobic capacity. 
INTRODUCTION 66
High-intensity interval training (HIIT) involves short, near maximal (80-100% 67 peak heart rate) work bouts interspersed with recovery periods and can promote superior 68 physiological benefits compared to moderate-intensity continuous training (MICT), 69 despite a decreased exercise time and volume (Weston et al. 2014) . When performed at 70 supramaximal intensities (≥ 100% V̇O 2max ) and for shorter durations (≤ 30 s), intermittent 71 exercise can be further classified as sprint interval training (SIT) (Weston et al. 2014) . 72
Accumulating evidence supports the ability of SIT to produce cardiovascular and 73 muscular adaptations that facilitate improvements in aerobic ; suggests that the generation of peak power/speed may be sufficient for stimulating the 88 D r a f t adaptive response to SIT (Hazell et al. 2010 ). This seems logical as nearly half of the 89 work performed during an "all-out" sprint occurs within the first 10 s (Bogdanis et al. 90 1996) and as little as 4 s of repeated maximal sprinting stimulates signaling pathways 91 underlying skeletal muscle remodeling (Serpiello et al. 2012 ). However, the optimal 92 work and/or rest interval duration for maximizing SIT adaptations has yet to be 93
determined. 94
Another potential benefit of reducing the SIT work bout duration could be an 
unknown. 104
Therefore, the purpose of the present study was to determine the importance of 105 repeated peak speed generation as an adaptive stimulus to SIT by varying the work bout 106 (5, 15, or 30 s) and rest period (40, 120, or 240 s) duration, while also maintaining total 107 exercise session time. All three protocols were matched for the total duration of work (2-108 3 min) and rest (12-20 min), as well as the work-to-rest ratio (1:8 s). We hypothesized 109 that reducing the SIT work bout duration would lead to improvements in body 110 composition and aerobic and anaerobic performance similar to those of the traditional 30 111 D r a f t s SIT protocol. We also wanted to explore psychological indicators post-training, by 112 measuring task self-efficacy, enjoyment, and behavioral intentions to perform SIT. In 113 this regard, we hypothesized that psychological responses would be more favorable 114 following shorter work bouts. The practical implications of this work could benefit those 115 in the general population (healthy and unhealthy) who might be interested in utilizing a 116 SIT paradigm but struggle to adhere to the traditional protocol. 117
118

MATERIALS AND METHODS 119
Participants. Forty-eight recreationally active males and females were recruited for this 120 study. This is in line with previous studies assessing similar outcomes that have reported 121 using a similar number of participants (12-15) per training group (Gillen et al. 2016 ; two, and then to 36 in weeks three and four. 214 4) CTRL -Non-exercise control group. These participants were instructed to 215 maintain their current level of physical activity throughout the study. 216
All training sessions were performed on a non-motorized sprint interval training 217 treadmill (HiTrainer) with a flat surface and included a standardized 5 min warm-up on a 218 motorized treadmill at 4-5 mph and a self-selected pace for cool-down. Participants were 219 positioned in a sprinting drive phase and propelled the treadmill belt by leaning into 220 shoulder pads fixed onto the treadmill. In between sprints participants were allowed to 221 walk on the treadmill and rest actively. scheduling conflicts (n=4) and an injury unrelated to the study (n=1). Therefore, there 267 were 11, 11, and 12 participants who completed the training for the 30:240, 15:120 and 268 5:40 groups respectively, with 9 participants in the CTRL group. There were no 269 differences (P>0.05) in participant characteristics between groups at baseline except for 270 age where the CTRL group was slightly older than the training groups (Table 1) . 271 D r a f t V̇O 2max . There was a significant group x time interaction (P=0.006) with subsequent post 273 hoc analyses indicating SIT increased V̇O 2max 5.5% (2.6±2.7 mL kg -1 min -1 ; Figure 1A ) 274 across all training groups. The change in V̇O 2max was 4.3% (2.0±2. 4 Table 2 ). For time to peak speed, there was no interaction (P=0.293) or main 292 effect of group (P=0.306), but there was also a main effect of time where time to peak 293 speed improved 25% (P<0.001; Table 2 ). There was no interaction, main effect of group, 294 D r a f t or main effect of time (P>0.05) for any other 30 s running sprint test variables including 295 average speed, minimum speed, or fatigue index (Table 2) . 296 297 Body composition. There was no interaction (P=0.381), main effect for group 298 (P=0.692), or main effect for time (P=0.086) on body mass. For body fat %, there was 299 also no interaction (P=0.761) or main effect for group (P=0.134), however there was a 300 main effect for time where body fat % decreased 1.4% (P<0.001; Figure 1C) . 301
302
Training data. In the first week of training the 5:40 group was able to generate speeds 303 equal to 92.5% of their peak speed output compared to 91.6% in week two, 91.2% in 304 week three, and 89.6% in week four. The average peak speed (across all bouts) for the 305 5:40 group in week one was 7.15 m sec -1 , compared to 7.32, 7.17, and 7.34 m sec -1 in 306 weeks two, three, and four, respectively. The 15:120 group was able to reproduce 89.7% 307 of peak speed in week one, 91.1% in week two, 88.4% in week 3, and 88.8% in week 308 four. The average peak speed for this group in week one was 7.34 m sec -1 , compared to 309 6.95, 7.09, and 7.26 m sec -1 in weeks two, three, and four, respectively. The 30:240 310 group was able to reproduce 90.7% of peak speed output in week 1, 89.7% in week 2, 311 90.2% in week 3, and 89.6% in week four. The average peak speed for the 30:240 group 312 in week one was 6.96 m sec -1 , compared to 7.03, 6.55, and 6.95 m sec -1 in week two, 313 three, and four, respectively. 314 315 Perceptions of exercise. There was no effect of group on any measure of perceived self-316 efficacy (P>0.05), however the ability to avoid over-exertion in the 5:40 compared to 317 D r a f t 30:240 group did approach significance (P=0.058; Table 3 ). There was no effect of 318 group on intentions to perform SIT three (P=0.533) or five (P=0.951) times per week 319 over the coming month (Table 3) . Finally, there was no effect of group on perceived 320 enjoyment (P=0.249), expected enjoyment in performing exercise three times per week 321 over the next month (P=0.440), or PACES scores (P=0.854; Figure 2) . 322
323
DISCUSSION 324
This study investigated the effects of manipulating the SIT work and rest interval 325 duration, while maintaining the total exercise session time and the work-to-rest ratio (1:8 326 s) of the traditional SIT protocol, on aerobic and anaerobic performance as well as 327 perceptions of exercise. Specifically, we examined whether the generation of peak speed 328 was sufficient for driving adaptations to SIT. Our results demonstrate that reducing the 329 SIT work bout duration is still sufficient for improving the aerobic adaptive response 330 suggesting that peak speed generation sufficiently stimulates mechanisms underlying 331 aerobic/anaerobic adaptations to training. Moreover, we found that the psychological 332 perceptions of exercise were similar for all groups at the end of the intervention. 333 334
Physiological responses. 335
In accordance with our hypothesis, all three training groups improved similarly in 336 V̇O 2max and 5-km time trial performance, though there were no significant differences 337 between groups for either outcome. Our results are in line with previous work 338 demonstrating improvements in V̇O 2max using the traditional (~4.2-13.4% (Gist et al. With regard to the anaerobic adaptations, the results were less robust. All three 365 training groups improved peak speed and time to peak speed, although an examination of 366 these values suggests that the main effect of time could have been driven by the small 367 changes in the training groups. The time to peak speed outcome is noteworthy as it is a 368 measure of how fast the participants attained their peak speed and could provide novel 369 information about power generation during running efforts. There were no effects on 370 other indices of anaerobic performance such as average or minimum speed and fatigue 371 index. It is likely our observed improvements are at least partly explained by increases in 372 anaerobic enzymes such as phosphofructokinase, lactate dehydrogenase, and myokinase 373 Moreover, while skinfolds have been used in previous research (Astorino et al. 2013) , 388 superior methods to measure body composition were not available in the present study. 389 Therefore, our precision to detect meaningful changes in body composition may have 390 been affected and future investigations focussing on a potential time-course of changes 391 with longer duration training programs and more robust body composition measurements 392 are warranted. 393
Interestingly, our training data illustrate a remarkable similarity between all 394 groups in their ability to generate peak speed throughout the four weeks of training. The 395 sprint-to-sprint reproducibility of peak speed (>88%) suggests that regardless of the 396 number of bouts performed per session (i.e. 4-36) the quality of each sprint, specifically 397 each group's ability to consistently regenerate speeds close to peak output, was relatively 398 similar among groups . These high reproducibility rates also give 399 an indication that our participants were compliant with exerting "all-out" efforts 400 throughout training. This finding is contrary to acute training data from our group using 401 identical SIT protocols that showed a greater average speed in the 5:40 compared to 402 30:240 and 15:120 groups, suggesting this group had greater reproducibility of peak 403 speed from sprint-to-sprint important to consider psychological responses to gain a more comprehensive 412 representation of SIT's potential to improve health and fitness . 413
We previously reported that our 5:40 protocol was acutely perceived as more enjoyable 414
and that participants had increased confidence and intentions to perform this protocol 415 compared to the traditional 30 s protocol ). As such, we 416 hypothesized that perceptions would be more favourable for the modified SIT protocols 417 in the present study. However, we found that self-efficacy, perceived enjoyment, and 418 intentions were similar between groups following a four-week training period. Recently, 419 affect was shown to become progressively more positive over 6 SIT sessions (Saanijoki 420 et al. 2015 ) and enjoyment of HIIT has been reported to increase over six weeks of 421 training, distinct from MICT (Heisz et al. 2016 ). This information may help to explain 422 our current findings in that shorter sprint bouts may be perceived more favourably when 423 beginning an exercise program, but over time the perceptions of various HIIT/SIT 424 protocols converge, perhaps due to the increasing fitness of participants. Alternatively, 425
Jung and colleagues hypothesized that breaking exercise into small, more achievable, 426 bouts may allow participants more opportunities to experience success over previous 427 sprints (Jung et al. 2014 ), which could be particularly important for novice exercisers and 428 imply that our 5:40 protocol would be beneficial for individuals beginning an exercise 429 program. Nonetheless, this result warrants future investigation, as this information could 430 D r a f t be very important for implementing and adhering to exercise interventions. Future work 431 should also employ a crossover design to allow for a determination of participants' 432 preferences for specific protocols, something our present design precluded us from 433
concluding. 434
There are a few important limitations to consider when interpreting the present 435 results. First, despite our best efforts to accommodate schedules we could not ensure that 436 participants trained at the same time of day every session. Second, despite our 437 participants' being a representative sample of a recreationally active university 438 population, their baseline fitness levels were quite high and any generalization of our 439 results to other populations should be done with caution. Additionally, a small number of 440 participants did not achieve their true V̇O 2max in this study and to avoid this, future work 441 should employ constant work rate verification testing in accordance with recent 442 suggestions (Poole and Jones 2017). Lastly, we recognize the inherent limitations to 443 utilizing skinfolds to estimate body fat; however, superior methods for assessing body 444 composition were unavailable. 445
In summary, by manipulating the work and rest interval duration of the traditional 446 30 s SIT protocol we have been able to demonstrate that the repeated generation of peak 447 speed is sufficient to induce improvements in performance suggesting that repeated peak 448 speed generation is an important component in the adaptive response to SIT. 449 172x115mm (300 x 300 DPI)
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